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ON THE CORRELATION OF VISUAL-MOTOR REACTION 
TIMES AND LIGHT SENSITIVITY 

T. N. Ushakova 

ABSTRACT: The purpose of t h i s  a r t i c l e  is i n v e s t i g a t i o n  of 
t h e  c o r r e l a t i o n  of two c h a r a c t e r i s t i c s  of human psychic  
ac t iv i ty - -v i sua l -moto r  r e a c t i o n  t imes and l i g h t  s ens i -  
t i v i t y .  Comparison o f  d a t a  concerning motor reaction time 
and v i s u a l  s ensa t ion  thresholds  (on t h e  h o r i z o n t a l  meridian 
of  t h e  r e t i n a )  i n d i c a t e s  t h e  ex i s t ance  of a c e r t a i n  
func t iona l  r e l a t i o n s h i p  between t h e s e  i n d i c e s :  t o  an inc rease  
i n  visual sensa t ion  th re sho lds ,  as a r u l e ,  corresponds the  
prolongat ion of r e l a t e n t  per iods  o f  visual-motor  r e a c t i o n s ,  and 
v i c e  versa .  Visual acu teness ,  as we know, i s  based psycholog- 
i c a l l y  on t h e  so -ca l l ed  r e s o l u t i o n  capac i ty  of t h e  eye ,  which 
i n  The f i n a l  analysis hinges on t h e  dens i ty  of  l i g h t - s e n s i t i v e  
nerve endings.  Thus our hypothes is  of t h e  a c t i o n  of t h e  f o r c e  
w g l l  i s  i n d i r e c t l y  v e r i f i e d  by t h i s  f a c t .  

INTRODUCTION 

/ 97*  The p r i n c i p a l  ob jec t ive  o f  t h i s  i n v e s t i g a t i o n  is  t h e  c o r r e l a t i o n  of  two -- 
v i t a l l y  important c h a r a c t e r i s t i c s  o f  t h e  psychic  a c t i v i t y  of  man which became 

the  objec t  of psychological  a n a l y s i s ,  so  t o  speak, s i n c e  t h e  incept ion  of  psycho- 

logy as a sc i ence .  

times and s e n s i t i v i t y .  

t h e  experimental  p a r t  of t h i s  work we w i l l  d i s cuss  b r i e f l y  t h e  s t a t e d  psycholo- 

g i c a l  ob jec t ives  s e p a r a t e l y  and independently,  as has been done i n  psychology 

u n t i l  r e c e n t l y .  

We have i n  mind t h e  ques t ion  of t h e  c o r r e l a t i o n  o f  r e a c t i o n  

Before going i n t o  t h e  exac t  formulat ion of  t h e  t a s k  of 

Reaction t ime is one of  t h e  o l d e s t  o b j e c t s  o f  experimental-psychological 

a n a l y s i s .  

both sensa t ions  and r e a c t i o n  times, t h e  main ob jec t ives  of h i s  program. 

W. Wundt , who b u i l t  t h e  first psychological  l abo ra to ry ,  analyzed 

Soon af te rward ,  a n a l y s i s  of the l a t e n t  per iods  of  motor r e a c t i o n s  became 

t h e  main branch of an e n t i r e  field of psychology, c a l l e d  psychometry. A method 

- 
*Numbers i n  t h e  margin i n d i c a t e  fo re ign  pag ina t ion .  
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of measuring r e a c t i o n  times was proposed by Helmholtz (1850), and then  developed 

by Donders, Ekoner, W .  Wundt, and occupied an important p o s i t i o n  i n  t h e  works 

of  such psychologis t s  as L. Lange (4888), N .  N. Lange (1893), A .  A .  Tokarskiy 

(1869), K. N .  Kornilov (1922), among o t h e r s .  

Reaction time was used ex tens ive ly  i n  psychometry f o r  g loba l  cha rac t e r -  

i z a t i o n  of complex psychic  processes  ( recogni t ion ,  d i sc r imina t ion ,  choice) . 
Fur ther  development of t h i s  method showed it not  t o  correspond t o  t h e  i n i t i a l l y  

s t a t e d  far reaching problems. Nevertheless  t h e  length  of t h e  l a t e n t  per iod  o f  
motor r eac t ions  i s  s t i l l  usedJ along with o t h e r  i n d i c e s ,  as an important element 

of  ob jec t ive  c h a r a c t e r i z a t i o n  of complex psychic  ac t iv i ty .  

Analysis o f  the  rate  of rsactions is important because it i s  involved j n  

the  vast region of psychological  ana lys i s  of  t he  forms and means o f  human r e -  

sponse t o  c e r t a i n  s t imu l i .  
of mastering new a c t i o n s ,  a c q u i s i t i o n  and s t rengthening  o f  h a b i t s  and many o t h e r s .  

"'his region of ana lys i s  encampasses t h e  problems 

The second important aspect of ana lys i s  o f  r e a c t i o n  times c o n s i s t s  i n  t h e  

fact t h a t  vaxia t ions  of the  l a t e n t  per iod  may be an accura t e  index of  t h e  dynamics 

of psychic  a c t i v i t y .  

used i n  many contemporary ana lyses :  

a c t i v i t y  of ch i ld ren  ( i n  t h e  l a b o r a t o r i e s  of Professor  A. G .  Ivanov-Smolenskiy 

161 and N .  I .  Krasnogorskiy 181); a n a l y s i s  of  mental processes  i n  a d u l t s  ( i n  

t h e  labora tory  of Ye. I .  Boyko [ 1 ] 3 ,  a n a l y s i s  of t h e  f e a t u r e s  of  a t lv l e t i c  ac- 

t i v i t y  (A. N .  Krestovnikov [9]> Z .  I .  Biryukov among o t h e r s ) .  

/98 - And i n  t h i s  sense  t h e  index of t h e  speed of  r e a c t i o n  is  

ana lys i s  of c e r t a i n  f e a t u r e s  of  psychic  

F i n a l l y ,  t h e  problem of  r e a c t i o n  speed may be important i n  ana lys i s  o f  t h e  

forms of t h e  human a c t i v i t y  i n  which c e r t a i n  ac t ions  o r  opera t ions  must be per -  

formed as quickly as p o s s i b l e .  This is p a r t i c u l a r l y  important i n  s p e c i a l  

branches of psychology, p a r t i c u l a r l y  psychology of l abor .  

Turning now t o  t h e  problem of s e n s i t i v i t y ,  we should focus a t t e n t i o q  on t h e  

tremendous importance of t h i s  problem i n  genera l  psychology on t h e  one h m d  and 

on i ts  p r a c t i c a l  importance on t h e  o t h e r .  

S e n s i t i v i t y  as a va lue  inve r se  t o  a th re sho ld ,  a measurable index o f  

s ensa t ions  caused by weak s t i m u l i  (or f i n e  d i f f e r e n c e s  between sensa t ions )  , makes 

it poss ib l e  t o  apply an o b j e c t i v e  measure t o  ana lys i s  of human sensory processes .  
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I t  was n o t  by chance, t h e r e f o r e ,  t h a t  s c i e n t i f i c  a n a l y s i s  o f  s ensa t ions  became 

p o s s i b l e  with t h e  discovery o f  t h e  so -ca l l ed  Weber-Fechner fundamental psycho- 

phys i ca l  wall, i . e . ,  a long wi th  t h e  s ta tement  of  t h e  problem of  d i s t i n c t i v e  sen-  

s i t i v i t y .  

in f luence  t h e  d i f f e r e n t  forms of s e n s i t i v i t y  i s  very l a r g e .  A t  t h e  same time, 

as happened i n  t h e  a n a l y s i s  of r e a c t i o n  times, s e n s i t i v i t y  began t o  be used 

more and more as t h e  index o f  var ious  a spec t s  of humall psychic  a c t i v i t y .  In  
t h i s  second connect ion we should mention t h e  s t u d i e s  of 0. A .  Dolin [S I ,  K .  Kh. 

Kekcheyev [7 ] ,  B. M.  Teplov 's  co-workers [IO], among o t h e r s .  

A t  t h i s  t i m e  t h e  t o t a l  number o f  works p e r t a i n i n g  t o  f a c t o r s  t h a t  

The purpose of t h i s  i n v e s t i g a t i o n ,  as s t a t e d  above, was t h e  c o r r e l a t i o n  o r  
i n t e r n a l  r e l a t i o n s h i p  between s e n s i t i v i t y  and r e a c t i o n  time. 

In o rde r  t o  r e so lve  t h e  s t a t e d  problem it was necessary t o  compare t h e s e  

two ind ices  i n  t h e  presence o f  a c t i o n  on t h e  same analyzer .  The f irst  s t e p  was 

t o  trace t h e  simultaneous change i n  s e n s i t i v i t y  and r e a c t i o n  time with a change 

i n  t h e  condi t ions  of s t imu la t ion .  

v i s u a l  ana lyzer ,  proceeding from t h e  fac t ,  knowing psychology, of change of 

both r e a c t i o n  time and sensa t ion  th re sho lds  when t h e  l o c a t i o n  of  t h s  s t imulus  

i n  t h e  f i e l d  of v i s i o n  i s  change. 

r e l a t i o n s h i p  e x i s t s  between t h e  s t a t e d  i n d i c e s  we f irst  had t o  e s t a b l i s h  t h a t  

by changing t h e  locus of  t h e  s t imulus  i n  t h e  v i s u a l  f i e l d  w e  ob ta in  simultaneous 

and oppos i te  changes i n  t h e  visual-motor  t i m e  and l i g h t  s e n s i t i v i t y .  

The s t a t e d  comparison was made on t h e  human 

I n  o r d e r  t o  prove t h a t  a c e r t a i n  func t iona l  

There are c e r t a i n  d a t a  and p e r t i n e n t  l i t e r a t u r e  concerning t h e  change of 

r e a c t i o n  time as a func t ion  o f  t h e  l o c a t i o n  o f  t h e  s t imulus  i n  t h e  f i e l d  of  

v i s i o n .  Thus, H a l l  and Kries [ll], ana lyz ing  p o i n t s  moved 30' and 60" upward, 

downward, t o  t h e  r i g h t  and t o  t h e  l e f t  toward t h e  per iphery  from t h e  c e n t e r  of 

t h e  r e t i n a ,  made t h e  fo l lowing  d i scove r i e s :  

1) The f a r t h e r  from t h e  fovea c e n t r a l i s  a s t imu lus  acts, t h e  longer  t h e  

r e a c t i o n  time; 

2)  The r e a c t i o n  t i m e  is s h o r t e r  from t h e  top  i n  r e l a t i o n  t o  t h e  bottom 

p a r t  o f  t h e  r e t i n a  and from t h e  nose i n  r e l a t i o n  t o  t h e  temporal p a r t .  

Poffenberger  (1912) [12] analyzed t h e  r e a c t i o n  t i m e  t o  s t i m u l i  i n  t h e  . /33 _ _  
l a t e ra l  f i e l d  of v i s i o n  on t h e  ho r i zon ta l  meridian at d i s t ances  o f  3 ,  10,  30 

and 45' from t h e  c e n t e r .  He found t h a t ,  excluding s t imulus  a t  3 O ,  t h e  inc rease  

3 



o f  r e a c t i o n  time t o  t h e  per iphery  dur ing  temporal s t i m u l a t i o n  i s  s u b s t a n t i a l l y  

l a r g e r  compared t o  nasa l  s t imu la t ion .  

In  1955 Slater-Hammel [13] publ i shed  i n  Washington g work on t h e  problem 

of r e a c t i o n  time from p e r i p h e r a l  p a r t s  of  t h e  f i e l d  of v i s i o n .  The p r i n c i p a l  

premises o f  t h i s  work are t h e  following: 

1) Reaction time inc reases  as t h e  s t imulus  i s  removed from the  p o i n t  of 

d i r e c t  v i s i o n ;  

2 )  The d i r e c t i o n  of  withdrawal of t h e  s t imulus  from t h e  c e n t e r  of  t h e  

v i s u a l  f i e l d  is  unimportant;  

3 )  The time of  r e a c t i o n  To a s t imulus  perce ived  d i r e c t l y  exceeds t h e  

r e l a t i v e  index of  t he  speed of  r e a c t i o n  t o  a s t imulus  i n d i r e c t l y  perce ived .  

Spec ia l  s t u d i e s  have a l s o  been done on t h e  problem of  f l u c t u a t i o n s  of l i g h t  

s e n s i t i v i t y  dur ing  s t imu la t ion  of  var ious  p a r t s  of  t h e  r e t i n a .  

t h e  co-workers o f  t h e  Leningrad S t a t e  Op t i ca l  I n s t i t u t e ,  Gassovskiy and 

Nikol 'skaya [3] ,  and a l s o  Gassovskiy and Kahokhlova 141, have been working on 

t h i s  problem. 

r e t i n a  (up t o  12' from t h e  fovea  on t h e  h o r i z o n t a l  meridian i n  t h e  n a s a l  d i r e c -  

t i o n  and up t o  26% from t h e  fovea i n  t h e  temporal d i r e c t i o n ) .  

t h e i r  d a t a  i n d i c a t e  t h a t  after a s l i g h t  i nc rease  t h e  s e n s i t i v i t y  drops sharp ly  

toward t h e  per iphery  o f  t h e  r e t i n a .  

In  p a r t i c u l a r  

These au thors  analyzed t h e  comparatively l a r g e  reg ion  o f  t h e  

Nevertheless ,  

Also found i n  t h e  l i t e r a t u r e  are d a t a  concerning t h e  c o r r e l a t i o n  between 

t h e  r e a c t i o n  time and va r ious  yo in t s  o f  t h e  r e t i n a  and d i f f e r e n t  passage per -  

ce ive  form and a l s o  t o  d i s t i n g u i s h  c l o s e l y  s i t u a t e d  o b j e c t s  ( index of  v i s u a l  

acuteness)  [2 ] .  

According t o  Poffenberger,  as a l r eady  mentioned above, t h e  r e a c t i o n  time 

inc reases  from t h e  c e n t e r  of  t h e  f i e l d  of  v i s i o n  t o  t h e  per iphery ,  and i s  

g r e a t e r  i n  t h e  temporal p a r t  o f  t h e  r e t i n a  than  i n  t h e  n a s a l .  The acuteness  

of v i s i o n ,  according t o  experimental  d a t a ,  a l s o  inc regses  by measure of  d i s t ance  

from t h e  fovea,  and s p e c i f i c a l l y  it is  g r e a t e r  i n  t h e  n a s a l  h a l f  of t h e  r e t i n a  

than  i n  t h e  temporal.  

This correspondence prompted a number of fo re ign  i n v e s t i g a t o r s  t o  make a 
conclusion concerning t h e  dependence of r e a c t i o n  t i m e  on v i s u a l  acu teness .  I t  



seems thus ,  however, t h a t  i f  t h e  above s t a t e d  c o r r e l a t i o n  is considered e s t ab -  

l i s h e d ,  it is  s t i l l  d i f f i c u l t  t o , u n d e r s t a n d  t h e  func t iona l  r e l a t i o n s h i p  between 

r e a c t i o n  time and v i s u a l  acuteness  on t h e  b a s i s  o f  e x i s t i n g  phsyio logica l  

evidence. 

The fundamental p o i n t s  o f  t h e  hypothes is  which we advance concerning t h e  

func t iona l  c o r r e l a t i o n  between r e a c t i o n  time and l i g h t  s e n s i t i v i t y  c o n s i s t s  i n  

t h e  fol lowing.  

of  t h e  eye depends on t h e  number and d i s t r i b u t i o n  o f  l i g h t - s e n s i t i v e  nerve 

endings.  The c o r r e l a t i o n  between t h i s  moment and t h e  r e a c t i o n  time can be 

understood from t h e  p o i n t  o f  view o f  t h e  known "force  wall''. 

As we know, t h e  l e v e l  of s e n s i t i v i t y  a t  any p o i n t  of  t h e  r e t i n a  

According t o  t h i s  law t h e  s t r o n g e r  s t imulus  should produce a faster re- 

a c t i o n .  

I f  a c o r r e l a t i o n  a c t u a l l y  ex is t s  between a r e l a t i v e l y  high s e n s i t i v i t y  and 

r e l a t i v e l y  s h o r t  r e a c t i o n  time, it can be  understood as a r e s u l t  of t h e  fact  

t h a t  s t i m u l i  o f  t h e  o b j e c t i v e l y  equal  f o r c e  are perce ived  d i f f e r e n t l y  by 

d i f f e r e n t  p a r t s  o f  t h e  r e t i n a  i n  accordance with t h e i r  changing l e v e l  of r e -  

a c t i v i t y ,  and s p e c i f i c a l l y ;  t h e  force of t h e  s t imulus  would b e  g r e a t e r  f o r  

p o i n t s  of  h ighe r  r e a c t i v i t y  than  f o r  p o i n t s  of  r e l a t i v e l y  lower r e a c t i v i t y ,  

/ 100 - Procedure 

In accordance with t h e  above s t a t e d  hypothes is ,  t h e  time o f  motor r e a c t i o n s  

i n  response t o  v i s u a l  s t i m u l i  appearing i n  d i f f e r e n t  p a r t s  9 f  t h e  f i e l d  o f  v i s i o n  

i s  r e l a t e d  t o  t h e  changing l e v e l  o f  r e a c t i v i t y  o f  va r ious  p o i n t s  of t h e  v i s u a l  

ana lyzer .  

An experimental  check of  t h i s  hypothes is  could be  made by measuring t h e  

visual-motor  r e a c t i o n  times, on t h e  one hand, and th re sho lds  of v i s u a l  sensa-  

t i o n s ,  on t h e  o t h e r  hand, i n  t h e  same p a r t s  of  t h e  r e t i n a .  

Thus we were faced  wi th  two s p e c i f i c  problems: 

1) To measure t h e  motor r e a c t i o n  times i n  response t o  s t i m u l i  addressed 

t o  s e v e r a l  s e l e c t e d  p o i n t s  o f  t h e  r e t ina  and 

2) t o  determine t h e  abso lu te  th re sho lds  of  s ensa t ions  with s t  imul:it i on  

of  t h e  same p o i n t s  of  t h e  r e t i n a .  

5 



In both cases t h e  experimental  procedure had a number of  s p e c i f i c  and a 
number of common p o i n t s .  

measurement o f  r e a c t i o n  time and de termina t ion  of  s e n s i t i v i t y .  

We w i l l  f i rst  d iscuss  t h e  d i f f e r e n c e s  i n  tests on t h e  

The problem of determining t h e  d i f f e r e n c e  i n  r e a c t i o n  time as a func t ion  

of t h e  p o i n t  o f  s t imulus  i n  t h e  v i s u a l  f i e l d  forced  us from t h e  very s t a r t  t o  

s a t i s f y  one fundamental procedural  requirement:  a l l  r e a c t i o n  time measurement 

condi t ions ,  except t h e  l o c a t i o n  of  t h e  s t imulus  on t h e  r e t i n a  of  t h e  eye, must 

be as equal as poss ib l e .  This  means f i rs t  of  a l l  t h e  need foy phys ica l  e q u a l i t y  

of  t h e  va r ious ly  loca t ed  l i g h t  s t i m u l i  cast on t h e  t e s t e d  eye.  

condi t ion  we used a s p e c i a l  atmospheric per imeter  on whose i n t e r i o r  su r face  

were loca ted  t h e  l i g h t  sources .  

i n  t h e  c e n t e r  o f  t h e  hemisphere. Here, a f t e r  e s t a b l i s h i n g  equal  i n i t i a l  b r i g h t -  

ness  of t h e  l i g h t  sou rces ,  we had equal d i s t ance  t o  t h e  eye of  t h e  t e s t  s u b j e c t ,  

equal shape and dimensions. To be c e r t a i n  of  equal  i n i t i a l  b r i g h t n e s s  of t h e  

s t i m u l i  we used i n  t h i s  series of tes ts  t h e  same l i g h t  source ,  which w e  moved 

over  t h e  i n t e r i o r  s u r f a c e  o f  t h e  pe r ime te r .  

To s a t i s f y  t h i s  

The r i g h t  eye of t h e  t e s t  s u b j e c t  was placed 

According t o  i n s t r u c t i o n ,  t h e  t es t  s u b j e c t  was t o  p re s s  as uniformly and 

as fas t  as p o s s i b l e  a r e a c t i o n  bu t ton  under h i s  r i g h t  hand when t h e  l i g h t  appear- 

ed i n  t h e  f i e l d  of  v i s i o n .  

One eye ( t h e  r i g h t )  was exposed t o  t h e  l i g h t  s t i m u l i ,  whi le  t h e  o t h e r  was 

covered. 

i n  t h e  c e n t e r  of  t h e  hemisphere. 

The i n i t i a l  p o s i t i o n  of t h e  working eye was f i x a t i o n  on a r e d  l i g h t  

During measurement of  r e a c t i o n  time t h e  s u b j e c t l s  head was h e l d  as s t i l l  as 
p o s s i b l e  on a chin rest a t t ached  t o  t h e  c e n t e r  of  t h e  hemisphere.  

The r e a c t i o n  t i m e  o f  t h e  test  s u b j e c t  was recorded by an e l ec t r i c  s top -  

watch i n  hundredths of a second. 

For measuring s e n s i t i v i t y  we used S. V.  Kravkov's adaptometer.  With t h i s  

instrument we obta ined  at a d i s t a n c e  of about 1 . 5  meter i n  f r o n t  of t h e  t es t  

s u b j e c t ' s  eye a r e f l e c t i o n  o f  t h e  l i g h t  s p o t .  

changed i n  a broad range by means o f  a photometr ic  wedge. 

The b r i g h t n e s s  of  t h e  spot  was 
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Change of t h e  p o s i t i o n  of t h e  l i g h t  spo t  i n  t h e  f i e l d  of v i s i o n  and i t s  

aiming onto t h e  requi red  p a r t  o f  t h e  r e t i n a  were accomplished by moving t h e  

r ed  r e fe rence  po in t ,  a t t ached  t o  a movable suppor t ,  a long t h e  per iphery .  Thus 

t h e  l i g h t  s p o t  i t s e l f ,  i n  view of  t e c h n i c a l  t e s t  Condit ions,  remained f i x e d .  

The eye of t h e  test  s u b j e c t  was placed  i n  t h e  c e n t e r  o f  t h i s  c i r c l e ,  around 

which t h e  r e fe rence  po in t  was moved dur ing  t h e  t e s t .  

Before t h e  t e s t ,  t h e  tes t  s u b j e c t  was i n s t r u c t e d  t o  look a t  the r ed  po in t  

s i g n a l  "attention" and say  

r i g h t  o f  t h e  po in t  and then  t o  say  "1 do not see" as soon as he ceased t o  see 
t h e  spo t .  

seef f  as soon as he saw t h e  l i g h t  spo t  to t h e  

The numerical graduat ions  of t h e  photometr ic  wedga a t  which t h e  tes t  
sub jec t  j u s t  no t i ced  and j u s t  ceased t o  see t h e  spo t  were recorded by t h e  ex- 
perimenter.  

i n t o  u n i t s  of l i g h t  p e n e t r a b i l i t y  and used as t h e  s e n s i t i v i t y  index. 
The a r i t h m e t i c  mean of t h e s e  values  was t r a n s l a t e d  i n  t a b u l a r  form 

With r e spec t  t o  t h e  other  a spec t s  of  t h e  procedure it should be mentioned 

t h a t  t h e  procedure was determined p r imar i ly  by t h e  need f o r  maximum e q u a l i t y  

of experimental  condi t ions  during measurement of  motor r e a c t i o n  times and f o r  

determinat ion of  s e n s i t i v i t y  th re sho lds .  

t h a t  in f luence  t h e  l e v e l  of  v i s u a l  s e n s i t i v i t y ,  e s p e c i a l l y  l i g h t i n g  cond i t ions .  

P a r t i c u l a r l y  important he re  are f a c t o r s  

In our tests t h e  th re sho lds  o f  v i s u a l  s e n s i t i v i t y  during s t imu la t ion  of  

po in t s  of  t h e  r e t i n a  were measured i n  darkness af ter  a 45 minote darkness adap- 

t a t i o n  per iod .  The same condi t ions  were maintained during measurement o f  motor 

r e a c t i o n  times. 

The s e n s i t i v i t y  and motor r e a c t i o n  t i m e  measurements were made with t h e  

s t imulus  i n  9 d i f f e r e n t  p o i n t s  o f  t h e  f i e l d  o f  v i s i o n  on t h e  h o r i z o n t a l  meridiari 

and t o  t h e  r i g h t .  

2 0 ° ,  3 0 ° ,  40", SO0, 6 0 ° ,  70" and 80" from fovea centralis .  

The s t imu la t ed  p o i n t s  were loca ted  at d i s t ances  of  3", l o " ,  

Former i n v e s t i g a t o r s  [Gassovskiy and Nikol 'skaya; Gassovskiy and Kahokhlova) -- / l o 1  

were i n t e r e s t e d  i n  a comparatively small po r t ion  of  t h e  r e t i n a :  

p o i n t s  l y ing  i n  t h e  r e t i n a  on t h e  h o r i z o n t a l  meridian i n  t h e  nasa l  d i r e c t i o n  up 
t o  12"  t o  t h e  per iphery  from t h e  fovea and i n  t h e  temporal d i r e c t i o n  t o  20-26" 

t hey  analyzed 
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from t h e  fovea .  

was analyzed i n  d e t a i l  and t h e  f ind ings  were completely unambigious. 

I t  is  noteworthy he re  t h a t  t h e  s t a t e d  reagion o f  t h e  r e t i n a  

We measured t h e  s e n s i t i v i t y  o f  t h e  r e t i n a  i n  o t h e r  p o i n t s ,  because ou r  

t a s k  was somewhat d i f f e r e n t :  we wanted t o  exp la in  t h e  g r e a t e s t  d i f f e rences  i n  

s e n s i t i v i t y  o s c i l l a t i o n s  during s t i m u l a t i o n  of  var ious  p o i n t s  o f  the r e t i n a ,  

s i n c e  only i n  t h i s  case  could a comparison with t h e  func t ioning  of  t h e s e  p o i n t s  

of  t h e  r e t i n a  i n  t h e  make-up of  visual-motor  r e a c t i o n s  be s u f f i c i e n t l y  expres-  

s i v e .  Therefore  we p laced  most of  t h e  s t i m u l i  a t  10' i n t e r v a l s .  

The next  group of procedural  condi t ions  cons i s t ed  i n  a system of  adminis t ra-  
t i o n  of  s t i m u l i .  

The time i n t e r v a l s  between ind iv idua l  measurements of s e n s i t i v i t y  were 

40-60 seconds ( t h e  measurements were made 1 time every 1 1 / 2  t o  2 minutes) .  

In tes ts  t o  determine t h e  r e a c t i o n  times t h e  i n t e r v a l s  between ind iv idua l  

measurements were a l s o  set  a t  40 seconds.  This was q u i t e  s u f f i c i e n t  t o  exclude, 

f o r  a l l  p r a c t i c a l  purposes ,  t h e  effect  o f  subsequent r e a c t i o n s .  

Spec ia l  a t t e n t i o n  was devoted t o  t h e  "preparedness f a c t o r "  of  t h e  t e s t  

sub jec t  t o  react a t  t h e  moment of  r e a c t i o n  t o  h i s  s t i m u l i .  

l iminary "a t t en t ion"  w e  e s t a b l i s h e d  t h e  pre l iminary  pe r iod ,  which i n  ou r  tests 

was about 2 1 / 2  seconds. 

Using t h e  p re -  

To preclude t h e  p o s s i b i l i t y  of  r e a c t i o n  t o  a c e r t a i n  time i n t e r v a l  we used 

t h e  so -ca l l ed  "emthod of check tests". 

The essence  of  t h i s  t e s t  i s  t h a t  t h e  experimentor g ives  t h e  "a t ten t ion"  

s i g n a l  from time t o  time b u t  does n o t  g ive  t h e  l i g h t  s t imu lus .  This method 

d i s c l o s e s  whether o r  n o t  t h e  t es t  s u b j e c t  r eac t ed  t o  something o t h e r  than  The 

l i g h t  s i g n a l .  

Each tes t ,  inc luding  t h e  adapt ion time, l a s t e d  f o r  about 2 hour s .  

In o rde r  t o  l e v e l  o f f  somewhat t h e  effect  of  darkness  on t h e  d a t a  obtained,  

measurments were made a l t e r n a t e l y :  

c e n t e r  (3 ' ) ,  toward t h e  per iphery ,  and then  another  j u s t  t h e  oppos i te ,  from t h e  

f a r t h e s t  p o i n t  (80") t o  t h e  c e n t e r .  

once s t a r t i n g  at t h e  p o i n t  n e a r e s t  t h e  

S ix  a d u l t  test  s u b j e c t s  were pu t  through a l l  tes ts .  
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Discussion O f  Results 

Turning t o  a n a l y s i s  of  t h e  f ind ings ,  we will f i r s t  examine s e p a r a t e l y  t h e  

/ l o 2  
I_ 

d a t a  concerning t h e  s e n s i t i v i t y  and motor r e a c t i o n  times, and then we will 

c o r r e l a t e  them. 

In o r d e r  t o  r ep resen t  t h e  d a t a  from s e n s i t i v i t y  a n a l y s i s  i n  p r a c t i c a l  form 

we por t r ay  t h e  r e l a t i o n  of t h e  sensa t ion  thresholds  a t  t h e  examined p o i n t s  o f  

t h e  r e t i n a  i n  t h e  form o f  curves (Figure l ) ,  p l o t t e d  according t o  t h e  fol lowing 

p r i n c i p l e :  

f i e l d  of v i s i o n ,  on which t h e  l i g h t  s t i m u l i  are loca ted  3 ,  10, 2 0 ° ,  e tc . ,  from 

t h e  fovea; on t h e  o r d i n a t e  axis are l a i d  out t h e  s e n s i t i v i t y  i n d i c e s  of  a given 

po in t  i n  th re sho ld  va lues .  

p r i n c i p l e  on t h e  a b s c i s s a  axis i n d i c a t e s  a lowering o f  t h e  th re sho ld  a t  t h e  

corresponding p o i n t  of  t h e  r e t i n a ,  and divergence from t h e  ax i s - - l a th ing  o f  t h e  

th re sho ld .  

t h e  a b s c i s s a  axis corresponds t o  t h e  h o r i z o n t a l  meridian i n  t h e  

Thus t h e  convergence of t h e  curve p l o t t e d  by t h i s  

S ix  a d u l t s  were sub jec t ed  t o  t e s t i n g .  Since t h e  readings thus  obta ined  

were s u f f i c i e n t l y  unambiguous, t h e  graphs of only t h r e e  of t h e  t es t  s u b j e c t s  

are presented  below. 

F i r s t ,  as can be  seen by examining t h e  curves,  i s  t h e  fact  t h a t  by measure 

o f  d i s t a n c e  from t h e  c e n t r a l  p o i n t  they f irst  have a tendency t o  f a l l  i n  a wavy 

manner, and then ,  s t a r t i n g  usua l ly  at 30" o f  t h e  per iphery ,  t h e r e  i s  a more o r  

less s t e e p  r ise.  This means t h a t  t h e  s e n s i t i v i t y  on moving t o  t h e  c e n t e r  t o  

t h e  per iphery  f irst  inc reases  somewhat and begins  t o  f a l l  only a t  about 30". 

A t  40" t o  50' t h e  curves climb very s t e e p l y ,  i n d i c a t i n g  a pronounced reduct ion  

of s e n s i t i v i t y .  

As regards  t h e  segment from 3 t o  3 0 ° ,  here  our d a t a ,  a t  f irst  glance,  do 

n o t  i n d i c a t e  a completely unambiguous r o l e .  

F i r s t  of a l l  t h e  curves of n e a r l y  a l l  t h e  t e s t  s u b j e c t s  show a sudden 

upward jump (ovat ion o f  thresholds)-- lO" f o r  some and 20" f o r  o t h e r s .  

Since t h e s e  jumps occur  a t  d i f f e r e n t  p o i n t s  on t h e  curves of  d i f f e r e n t  

t e s t  s u b j e c t s ,  t h e  o v e r a l l  s i m i l a r i t y  f o r  t h e s e  curves would appear t o  bc v io -  

l a t e d .  
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Figure 1: Changes of  Thresholds 
of  Visual Sensa t ions  During Move- 
ment of Stimulus on Hor izonta l  
Meridian i n  Right Half o f  F i e l d  
o f  Vision. 
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Figure 2 :  Change of  Visual-Motor 
Reaction Time as Stimulus Moves on 
Horizontal  Meridian i n  Right Half 
o f  F ie ld  of  Vision. 
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Recal l ing ,  however, t h a t  t h e  b l i n d  spo t  i s  loca ted  p r e c i s e l y  i n  t h i s  reg ion  

of  t h e  r e t i n a  (12"-18" on t h e  h o r i z o n t a l  meridian i n  t h e  nasa l  d i r e c t i o n ) ,  t h e  

s t a t e d  change o f  t h e  th re sho lds  becomes clearer. Our s t imulus  apparent ly  

s t r u c k  t h e  zone ad jacent  t o  t h e  b l i n d  s p o t ,  and it could vary i n  t e s t  s u b j e c t s  

with r e spec t  t o  both magnitude and shape. Perhaps t h i s  i s  t h e  reason the  s t a t e d  

jumps on t h e  s e n s i t i v i t y  curves  of  t h e  var ious  tes t  s u b j e c t s  appear d i f f e r e n t l y  

and a t  d i f f e r e n t  p o i n t s .  I f ,  on t h e  b a s i s  o f  t h e  above exp l ina t ion ,  we exclude 

from examination t h e  o s c i l l a t i o n s  of  s e n s i t i v i t y  i n  t h e  10" and 20" zones, then  

t h e r e  i s  no doubt about t h e  genera l  s i m i l a r i t y  of  t h e  curves obta ined ,  s p e c i f i -  

cal ly:  

t h e  curve converges no t i ceab ly  on t h e  a b s c i s s a  a x i s ,  and t h i s  convergence i s  

most d i s t i n c t  i n  t h e  reg ion  between 20" and 30" ( r a r e l y  a t  10" of t h e  per iphery)  

on t r a n s i t i o n  from t h e  po in t  n e a r e s t  t h e  c e n t e r  (3") t o  t h e  per iphery  

Summarizing a l l  t h a t  has  been s t a t e d  on t h e  given s u b j e c t ,  it may be 

assumed t h a t  t h e  change of l i g h t  s e n s i t i v i t y  as t h e  s t imulus  moves on t h e  

h o r i z o n t a l  meridian of  t h e  n a s a l  p a r t  o f  t h e  r e t i n a  i s  such t h a t  on t r a n s i t i o n  

from t h e  po in t  n e a r e s t  t h e  c e n t e r  t h e  s e n s i t i v i t y  inc reases  sharp ly  toward 20"- 

30" of t h e  per iphery ,  o r  t h e  reg ion  of  lowest t h re sho lds ;  t hen ,  t h e r e  i s  a 

d i s c o n t i n u i t y  i n  t h e  curve and it begins  t o  d iverge  from t h e  a b s c i s s a  a x i s ,  i . e . ,  

t h e  s e n s i t i v i t y  decreases .  

i s  s l i g h t ;  from 40"-50" t h e  drop o f  s e n s i t i v i t y ,  as a r u l e ,  i s  very sha rp .  

From 30" and 40"-50" t h e  reduct ion  of  s e n s i t i v i t y  

What d a t a  were obta ined  concerning motor r e a c t i o n  t imes? 

The r e s u l t s  of  r e a c t i o n  time meeasurements dur ing  s t imu la t ion  o f  d i f f e r e n t  

p o i n t s  o f  t h e  r e t i n a  a r e  a l s o  presented  i n  t h e  form of  graphs,  t h e  p l o t t i n g  

p r i n c i p l e  which i s  t h e  same as those  of  s e n s i t i v i t y .  

i n s t e a d  o f  va lues  c h a r a c t e r i z i n g  s e n s a t i o n  th re sho lds  t h e  motor r e a c t i o n  time 

ind ices  are p l o t t e d  on t h e  o r d i n a t e  a x i s .  

r e a c t i o n  time, and a r i se  longer  r e a c t i o n  time. 

The d i f f e r e n c e  i s  t h a t  

A d ro r  of  t h e  curve i n d i c a t e s  s h o r t e r  

Analysis of  t h e  curve (Figure 2 )  compels r ecogn i t ion  t h a t  a l l  t h e  b a s i c  

f e a t u r e s  noted during examination of t h e  curves o f  change of t h e  th re sho lds  are 
a l s o  p re sen t  h e r e :  

sha rp ly ;  t h e  reg ion  where t h e  l a t e n t  pe r iod  i s  maximum fal ls  a t  10°-30." of t h e  

per iphery ,  and, f i n a l l y ,  from 40"-50" t h e  curve rises sha rp ly  upward. 

from t h e  c e n t r a l  po in t  ( 3 " )  t h e  curve of r e a c t i o n  time drops 

/ 103 
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I t  should b e  poin ted  ou t ,  however, t h a t  i n  c e r t a i n  cases t h e  curves of  

change of th resholds  appear  t o  r ise more s t e e p l y  than  t h e  curves of  r e a c t i o n  

t ime.  

used i n  t h e s e  two cases are d i f f e r e n t .  I n  o t h e r  words, t h e  noted d i f f e r e n c e  

i n  t h e  s teepness  o f  t h e  curves may depend on t h e  a c t u a l l y  random and i n  both 

cases d i f f e r e n t  scale on which t h e  curves were p l o t t e d .  

This can be  expla ined ,  however, by t h e  f a c t  t h a t  t h e  u n i t s  of  measurement 

Thus pre l iminary  s e p a r a t e  a n a l y s i s  of t h e  d a t a  on a n a l y s i s  of s e n s i t i v i t y  

and motor r e a c t i o n  time l ead  us t o  recognize t h e  p o s s i b i l i t y  o f  c o r r e l a t i n g  

t h e s e  da t a .  And i f  as a r e s u l t  of such c o r r e l a t i o n  we e s t a b l i s h  t h e  f a c t  of 

simultaneous,  b u t  oppos i te  (with r e spec t  t o  s i n e )  change of  s e n s i t i v i t y  and motor 

r e a c t i o n  time ( a f t e r  changing t h e  p o i n t  of s t imulus  on t h e  r e t i n a  of t h e  eye ) ,  

then,  i n  our opinion,  t h i s  w i l l  b e  grounds f o r  cons ider ing  t h e  ex i s t ance  of  a / lo4  

func t iona l  r e l a t i o n s h i p  between both phenomena proved. 
-- 

To check and then demonstrate t h a t  t h e  above mentioned simultaneous change 

of  both phenomena a c t u a l l y  occurs ,  we compared t h e  d a t a  concerning t h e  r e a c t i o n  

t ime and s e n s a t i o n  th re sho lds  on t h e  same graphs (Figure 3 ) .  

The sensa t ion  th re sho lds  obta ined  by l o c a t i n g  t h e  s t imulus  a t  d i s t ances  / 105 

of 3', l o " ,  2 0 ° ,  30' from t h e  c e n t r a l  p o i n t  on t h e  h o r i z o n t a l  meridian o f  t h e  

r i g h t  s i d e  of  t h e  f i e l d  o f  v i s i o n  a r e  p l o t t e d  success ive ly  on t h e  a b s c i s s a  ax is  
(away from t h e  o r i g i n ) .  

p o i n t s  of t h e  r e t i n a  and i n  t h e  same sequence are p l o t t e d  on t h e  o rd ina te  axis. 
The r e a c t i o n  times dur ing  s t i m u l a t i o n  of t h e  same 

The curves,  p l o t t e d  on coord ina te  p o i n t s ,  of a l l  t e s t  s u b j e c t s  reveal a 

c e r t a i n  accuracy, i n d i c a t i n g  t h a t  t h e r e  i s  c e r t a i n  func t iona l  r e l a t i o n s h i p  

between the i n v e s t i g a t e d  phenomena (motor r e a c t i o n  t i m e  and s e n s i t i v i t y ) .  

A t  t h e  same time, t h e  curves p l o t t e d  on our  graphs are no t  s t r a i g h t .  This  

means t h a t  t h e  r e l a t i o n s h i p  between r e a c t i o n  t i m e  and s e n s i t i v i t y  i s  n o t  l i n e a r .  

OR t h e  b a s i s  of  t h e  gene ra l  form of  t h e  curve,  w e  assumed t h a t  t h e  func t ion  o f  

i n t e r e s t  t o  us  i s  a lgor i thmic .  To prove t h i s  assumption we took t h e  a lgor i thm 

of t h e  values  obta ined  dur ing  de termina t ion  of  t h e  sensa t ion  th re sho lds  and 

r e p l o t t e d  t h e  graphs of  t h e  c o r r e l a t i o n  between r e a c t i o n  time and t h e  a lgor i thm 

of  t h e  th re sho lds  (Figure 4 ) .  
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Figure 3: Rela t ionship  Between Visual-Motor 
Reaction Time and Thresholds o f  Visual Sensa t ions .  

The curves p l o t t e d  on t h e  coord ina te  po in t s  are very  c l o s e  t o  s t r a i g h t  

l i n e s .  Consequently we were c o r r e c t  i n  assuming t h a t  t h e  above curves of t h e  

r e l a t i o n s h i p  between motor r e a c t i o n  time and s e n s i t i v i t y  a r e  a lgo r i thmic  and 

t h e  dependence o f  t h e  l a t e n t  r e a c t i o n  pe r iod  on s e n s i t i v i t y  i s  an a lgo r i thmic  

func t ion .  
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Figure 4: Rela t ionship  Between Visual  
Motor Reaction Time and Algorithms o f  
Visual  Sensa t ion  Thresholds.  

Conclusions 

Comparison of d a t a  concerning motor r e a c t i o n  t i m e  and v i s u a l  s ensa t ion  

thresholds  (on t h e  h o r i z o n t a l  meridian of  t h e  r e t i n a )  i n d i c a t e s  t he  ex i s t ence  

o f  a c e r t a i n  func t iona l  r e l a t i o n s h i p  between t h e s e  i n d i c e s :  

v i s u a l  s ensa t ion  th re sho lds ,  as a r u l e ,  corresponds t h e  prolongat ion o f  r e l a t e n t  

per iods  of visual-motor  r e a c t i o n s ,  and v i c e  versa. 

t o  an inc rease  i n  

I t  must be assumed t h a t  t h e  d i f f e r e n c e  in the t ime of motor r cac t ions  wt ic~n  

s t imu la t ing  var ious  points of  the v i s u a l  systcm w i t h  l i g h t  is rcl;lrcd t o  t l is t r i -  

14 



but ion  of  t h e  l i g h t  s e n s i t i v e  elements on t h e  r e t i n a .  Miere t h e s e  elements are 

denses t  and s e n s i t i v i t y  h i g h e s t ,  r e a c t i o n  time w i l l  be  s h o r t e s t  and conversely.  

This sugges ts  t h a t  t h e r e  is  between t h e  v i s u a l  motor r e a c t i o n  time and s e n s i -  

t i v i t y  a func t iona l  r e l a t i o n s h i p  which i s  most r e a d i l y  understood from t h e  

po in t  o f  view of  t h e  known psychological  "force wall". 

Cor re l a t ion  with v i s u a l  acu teness ,  which was e s t a b l i s h e d  by fermer research-  

ers,  can a l s o  be i n t e r p r e t e d  on t h e  b a s i s  of  ou r  f i n d i n g s .  Visual  acu teness ,  

as w e  know, i s  based psychologica l ly  on t h e  s o - c a l l e d  r e s o l u t i o n  capac i ty  of 
t h e  eye, which i n  t h e  f i n a l  a n a l y s i s  hinges on t h e  d e n s i t y  o f  l i g h t - s e n s i t i v e  

nerve endings.  Thus ou r  hypothes is  of  t h e  ac t ion  o f  t h e  f o r c e  wall is ind i -  

r e c t l y  v e r i f i e d  by t h i s  f ac t .  

15 
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